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FOREWORD 
This invest igat ion was motivated by par t ic ipat ion in a major 
research e f for t in the area of physiological costs in indust r ia l 
environments. The research, under the d i rect ion of Dr. David G. Ekey, 
is being conducted at the Georgia Tech School of Indust r ia l Engineering 
with the purpose of determining an object ive physiological measure of 
human energy expenditure. 
Grateful acknowledgement is made of the advice and guidance given 
the author during the invest igat ion by Dr. Ekey, Dr. Joseph J . Moder and 
Dr. Joseph E. Moore. Specia l credi t is due to Mr. Thomas L. Newberry of 
the Georgia Tech Engineering Experiment Stat ion for his assistance in 
the computer analysis of basic data. 
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SUMMARY 
Refinements in time study techniques and other indust r ia l 
engineering functions are concentrating sharper attent ion upon rat ing 
and allowances. This at tent ion is reveal ing disturbing si tuat ions in 
many instances; s i tuat ions due, not only to the r e l a t i v e indefens ib i l i ty 
of any allowance but in many more cases, to inherent weaknesses in the 
par t icu lar methods of determining and applying the allowances. Thus, 
the engineer, rea l i z ing that he must j u s t i f y his time standard, is 
forced into the posit ion of having to re-examine thoroughly his methods 
of determining and applying allowances. 
The physiological approach in work study has always been a t t rac ­
t i ve for various reasons, This interest is not d i f f i c u l t to understand 
s ince, of a l l the factors making up a time standard, the fatigue allow­
ance is the least defensible and the most open to argument. The objec­
t ive of this invest igat ion was the determination of an object ive 
physiological measure of human energy expenditure. 
F ive male college students were randomly selected from a s t r a t i ­
f ied population to perform measured tasks on a f r ic t ion-brake b icyc le 
ergometer. The subjects were required to perform two repl icat ions of 
two d is t inc t speeds. In each task period the subjects worked f i ve 
three-minute periods Interspersed by s ix three-minute rest periods. At 
the end of each three-minute work period recordings were taken of heart 
ra te , galvanic skin response and blood pressure. An analysis of variance 
was performed on the recorded var iables to determine the var iant ef fects 
v i i i 
of r e p l i c a t i o n , the d i f ferent subjects, length of time of task perfor­
mance, and the two speeds at which the tasks were performed. 
Under the conditions of this experiment resul ts showed r e p l i ­
cation and speed-operator interact ion to have no s t a t i s t i c a l l y s i g n i f i ­
cant e f fect on the dependent v a r i a b l e s . Subject va r ia t ion was apparent 
only in blood pressure d i f f e r e n t i a l at the f i ve per cent l eve l of 
s ign i f icance . Length of time of task performance was highly s i g n i f i ­
cant for a l l dependent var iables as was the speed-time in teract ion . 
Speed had no s ign i f icant e f fec t on heart rate or galvanic skin response 
but was found to cause a highly s ign i f icant va r ia t ion in blood pressure 
d i f f e r e n t i a l . 
I t is apparent the work loads were too severe for precise d e f i ­
n i t ion of the task ef fects on heart ra te . However, the resul ts were 
encouraging in that a s ign i f icant e f fect due to length of task was 
apparent even under these extreme conditions. One of the most encour­
aging resul ts of this research was the lack of s ign i f icant var ia t ion 
among subjects for the dif ference between sys to l i c and d i a s t o l i c blood 
pressures. 
I t is recommended that further research to va l ida te resul ts of 
this experiment should be conducted over longer periods of time and 
under load conditions which w i l l permit c l a r i f i c a t i o n of the ef fects 
of the d i f ferent contributing factors of fat igue. 
CHAPTER I 
INTRODUCTION 
The object ive of this Invest igat ion was t h e d e t e r m i n a t i o n of an 
object ive physiological measure of human energy expenditure. The physio 
l o g i c a l approach in work study has always been a t t r a c t i v e for various 
reasons. This interest is not d i f f i c u l t to understand since the fatigue 
allowance and performance rat ing occupy such a dominant posit ion in the 
makeup of an indust r ia l time standard. Also, because of a l l the factors 
making up a time standard, the fatigue allowance is the least defen­
s i b l e and the most open to argument. This is true regardless of the 
many recent ef for ts of experimentation and research on the nature and 
effects of fat igue. 
Engineers cannot adequately evaluate the functional character­
i s t i c s of a machine on the exclusive basis of u t i l i z i n g a stop watch 
and making a time study. I t is equally impossible to adequately evalu­
ate the functional capacity of the human machine by the same methods 
since the stop watch is inherently unable to measure the physiological 
cost of a job. 
Engineers establ ish their concept of normal performance for a 
par t icu lar operation by estimating the speed at which the e f for t re ­
quired to perform the operation appears normal. Some engineers have 
a standard concept of e f fo r t , namely a man walking unburdened on leve l 
ground at three miles per hour, which they use as a yardst ick . Others 
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carry as a mental concept, a pattern of a l l the various normal rates 
they have previously establ ished. 
From the pragmatic viewpoint one must agree that these so-
cal led " s c i e n t i f i c " methods are operat ional , but we know they y i e l d only 
rough approximations to the basic problems of: what constitutes a f a i r 
day's work for a given population of workers; what constitutes the 
optimum pattern of rest periods for a given job; what e f fect the environ 
mental factors of heat, humidity, and work load have on human energy 
expenditures; how to rank the physical e f for t factor among jobs in job 
evaluation work; and, whether or not the s t r a i g h t - l i n e approximation of 
increased product ivi ty to bonus incentives accurately re lates the 
addit ional human energy requirements. Answers to these problems require 
an accurate method of measuring human energy expenditure and the mechani 
ca l work of related a c t i v i t y . 
Considerable research e f for t has been expended over the years in 
this f i e l d , but unfortunately most of this work has been directed 
toward the refinement of the or ig ina l concepts of time and motion study. 
The minuteness of the research leaves unsolved the question of how to 
a t ta in accurate measurements r e l a t i v e to the human energy factor . Work 
and rest standards as they now exist are more or less a rb i t ra ry . They 
do not take into account the e f f ic iency and the power of the worker's 
muscles, heart and lungs; they do not necessari ly represent the time 
needed to perform an operation with a minimum physiological cost and a 
maximum ef f ic iency of production. They represent even less the time 
needed to insure an adequate recovery between successive operations. 
The physiological cost of jobs should be measured and kept within 
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reasonable l imits because i t is the only accurate means of determining 
human e f fo r t . This e f for t is an essent ia l factor in job organization, 
in job evaluation, in the select ion of workers and, as a consequence, 
in labor-management re la t ions . 
Numerous experiments have been performed to study the physiologi­
ca l e f fects of muscular work of varying degrees of in tensi ty (1)(2) (3 ) . 
I t i s known that , when sh i f t ing from a rest ing condition tp one of 
physical a c t i v i t y , many physiological functions change from their rest ing 
l eve l to a working l e v e l (4 ) . Heart ra te , blood pressure, cardiac output, 
pulmonary v e n t i l a t i o n , oxygen consumption, chemical composition of the 
blood and ur ine, body temperature, and rate of sweating are a l l modified 
by muscular a c t i v i t y . 
The var iab le of primary in terest in this invest igat ion was the 
heart rate of a human subject performing measured physical work. 
Variables of secondary in terest were the subject 's blood pressure and 
galvanic skin response. Concomitant var iables considered in the experi­
ment were room temperature, r e l a t i v e humidity, time of day, and the 
subject 's height, age, weight, weight-to-height ra t io and r e l a t i v e 
physical f i t n e s s . A s p l i t - p l o t experimental design was u t i l i z e d for the 
co l lec t ion of data. Ext ract ion , from the data, of s ign i f i can t sources 
of v a r i a t i o n was accomplished by the analysis of variance technique. 
A summary of the l i t e r a t u r e is appropriate at this point . The 
order of this summary w i l l in general follow the ordering of the 
var iables l i s t e d above. 
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CHAPTER I I 
REVIEW OF THE LITERATURE 
R e f i n e m e n t s i n t i m e s t u d y t e c h n i q u e s and o t h e r i n d u s t r i a l e n g i ­
n e e r i n g f u n c t i o n s a r e c o n c e n t r a t i n g s h a r p e r a t t e n t i o n upon r a t i n g and 
a l l o w a n c e s . T h i s a t t e n t i o n i s r e v e a l i n g d i s t u r b i n g s i t u a t i o n s i n many 
i n s t a n c e s ; s i t u a t i o n s d u e , n o t o n l y t o t h e r e l a t i v e i n d e f e n s i b i l i t y o f 
any a l l o w a n c e b u t i n many more c a s e s , t o i n h e r e n t w e a k n e s s e s i n t h e p a r ­
t i c u l a r m e t h o d s o f d e t e r m i n i n g and a p p l y i n g t h e a l l o w a n c e s . T h u s , t h e 
e n g i n e e r , r e a l i z i n g t h a t h e m u s t j u s t i f y h i s t i m e s t a n d a r d , i s f o r c e d 
i n t o t h e p o s i t i o n o f h a v i n g t o r e - e x a m i n e t h o r o u g h l y h i s m e t h o d s o f 
d e t e r m i n i n g and a p p l y i n g t h e a l l o w a n c e . 
I s t h e amount o f a l l o w a n c e t h a t p e r m i t s t h e w o r k e r t o m a i n t a i n 
t h e opt imum p r o d u c t i v i t y r a t e s u f f i c i e n t t o p r e v e n t undue f a t i g u e ? 
C o n s i d e r c a r e f u l l y t h e l a s t sentence o f the f o l l o w i n g q u o t a t i o n from 
V i t e l e s ( 5 ) : 
For e v e r y t y p e o f work t h e r e e x i s t s an o p t i m a l s p e e d , w h i c h w i l l 
make i t p o s s i b l e t o g e t a s much a s p o s s i b l e d o n e w i t h t h e l e a s t 
e x p e n d i t u r e o f e n e r g y and w i t h o u t i n c r e a s i n g t h e f e e l i n g s o f f a t i g u e , 
d i s c o m f o r t and i l l h e a l t h . The d e t e r m i n a t i o n o f t h e s e s p e e d s , from 
t h e v i e w p o i n t o f human e f f i c i e n c y , i s a l m o s t a n u n t o u c h e d f i e l d . 
They h a v e b e e n f i x e d a g a i n and a g a i n , f o r many t y p e s o f w o r k , w i t h 
r e s p e c t t o t h e h i g h e s t r a t e o r amount o f p r o d u c t i o n , b u t t h e r e i s 
r e a s o n f o r b e l i e v i n g t h a t t h i s r a t e o f t e n c o n f l i c t s w i t h t h e opt imum 
w e l f a r e o f t h e w o r k e r . 
One v e r y i m p o r t a n t g r o u p o f m e t h o d s o f d e t e r m i n i n g a l l o w a n c e s 
c o n s i s t s o f t h o s e t h a t o b t a i n t h e i r i n f o r m a t i o n from l a b o r a t o r y r e s e a r c h 
t e s t s . T h i s i n f o r m a t i o n m u s t o f c o u r s e be t r a n s l a t e d t o , and p r o v e n i n , 
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i n d u s t r i a l s i t u a t i o n s . 
A l l o w a n c e s d e t e r m i n e d by m e t h o d s i n t h i s g r o u p h a v e i m p o r t a n t 
a d v a n t a g e s and d i s a d v a n t a g e s . I t i s p o s s i b l e i n a l a b o r a t o r y t e s t t o 
o b t a i n , a d e g r e e o f i s o l a t i o n o f a f a c t o r o f f a t i g u e t o b e m e a s u r e d t h a t 
w o u l d b e i m p r a c t i c a l o r i m p o s s i b l e u n d e r o t h e r c i r c u m s t a n c e s . H e n c e , 
r e s u l t s a r e o b t a i n a b l e w h i c h g i v e v a l u a b l e and u s e f u l i n f o r m a t i o n on t h e 
i n v e s t i g a t e d f a c t o r o f f a t i g u e . 
T h i s same i s o l a t i o n p r o c e s s , h o w e v e r , f r e q u e n t l y makes i t im­
p o s s i b l e t o a p p l y a c c u r a t e l y t h o s e r e s u l t s d i r e c t l y t o a p r a c t i c a l 
i n d u s t r i a l p r o b l e m . V e r y o f t e n t h e a d a p t a t i o n p r o c e s s r e q u i r e s a s s u m p ­
t i o n s and e s t i m a t e s t h a t d e s t r o y t h e o r i g i n a l a c c u r a c y o f t h e d a t a . 
One o f t h e e a r l i e s t a p p r o a c h e s t o p h y s i o l o g i c a l m e a s u r e m e n t s i s 
known a s t h e CO^ m e t h o d . P i o n e e r s i n t h e f i e l d a t t e m p t e d t o o b t a i n 
r e l i a b l e k n o w l e d g e a b o u t human e n e r g y e x p e n d i t u r e by m e a s u r i n g t h e amount 
o f o x y g e n c o n v e r t e d i n t o c a r b o n d i o x i d e ( 6 ) . The m e t h o d p r o v i d e d e x ­
t r e m e l y v a l u a b l e i n f o r m a t i o n on t h e e n e r g y e f f i c i e n c y o f c e r t a i n p r o t o t y p e 
j o b s . 
The c o m p l e x i t y o f t h i s e a r l y e q u i p m e n t h a s l e d some i n v e s t i ­
g a t o r s t o a n e g a t i v e o p i n i o n o f p h y s i o l o g i c a l m e a s u r e m e n t s . I n g e n o h l (7 ) 
s t a t e s t h a t " p h y s i o l o g i c a l m e a s u r e m e n t s c a n h a r d l y be j u s t i f i e d f o r a 
mere q u i c k c h e c k t o d e t e r m i n e w h i c h one o f s e v e r a l j o b s a c t u a l l y r e q u i r e s 
t h e g r e a t e r p h y s i c a l e x e r t i o n . " R e c e n t a d v a n c e s (8 ) t e n d t o n u l l i f y t h i s 
v i e w h o w e v e r , and l e n d c r e d e n c e t o t h e o x y g e n - c o n s u m p t i o n m e t h o d o f 
p h y s i o l o g i c a l m e a s u r e m e n t . 
P e r h a p s t h e m o s t o p e r a t i o n a l o f t h e p h y s i o l o g i c a l m e a s u r e m e n t 
s c h e m e s t o d a t e i s t h a t o f Brouha ( 9 ) . The p r i n c i p l e o f t h e m e t h o d u s e d 
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in Brouha's research was developed in the Harvard Fatigue Laboratory. I t 
consists of counting the pulse rate for 30 seconds at three one-minute 
intervals during the f i r s t three minutes of the recovery period af ter the 
termination of work and while the subject is s i t t i n g qu ie t ly . From these 
pulse rates a "heart rate recovery curve" can be drawn which indicates 
the actual values of the pulse and the rate of recovery toward rest ing 
l e v e l . The heavier the physiological load the higher the heart rate and 
the more slowly i t returns to i t s rest ing l e v e l . Thus the physiological 
stress for a spec i f ic job can be determined from the recovery pulse rate 
measurements. Brouha points out that: 
The onset of fatigue can be predicted from heart rate recovery 
curves. When no sat is factory recovery can take place between a 
series of successive operations the f i r s t pulse rate af ter work 
becomes progressively higher and the heart rate remains at a high 
leve l for a progressively longer time during the recovery period. 
The return toward the rest ing leve l is very slow and d e f i n i t e l y 
points to the existence of physiological fat igue in these workers. 
Work by Young (10) on an experimental basis appears to support 
that of Brouha. Young investigated the p o s s i b i l i t y of using the heart 
rate as an object ive method of rat ing operator performance on jobs of 
varying physical in tens i ty . I t was concluded that predict ion, from 
heart ra te , of task pace energy requirements was possible wi th in the 
l imitat ions of the experiment. The work of both Young and Brouha 
appears to lack operational qua l i t ies in that the work increment of 
heart rate is not u t i l i z e d . 
Some investigators contend that fat igue, due to i t s subject ive 
and complex q u a l i t i e s , cannot be compensated for by purely physio­
log ica l evaluat ion. From the few studies attempting to iso la te these 
subject ive elements i t appears that the d i f f i c u l t y l i e s in their proper 
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def in i t ion (11). Comparisons of findings by Kerr (12) and Brouha 
indicate that the onset of subjective and physiological fat igue for 
large groups in the work s i tuat ion is c losely re la ted . 
To date no sat is factory relat ionship has been established between 
blood pressure and physiological performance capacity. Wide ranges of 
pressures have been recorded with subjects adjudged to be of the same 
physical f i tness (13). This may be due i n part to the inaccuracy of 
blood pressure determinations and in part to the medical c l a s s i f i c a t i o n 
of physical f i t n e s s . I t i s c lea r l y recognized that a r t e r i a l pressures 
cannot be measured with precision by sphygmomanometers (14). Direct 
reg is t ra t ion of pressures by cal ibrated i n t r a - a r t e r i a l manometers has 
shown that even during quiet breathing, sys to l i c and d i a s t o l i c pressures 
vary from beat to beat by several mm Hg, and that these differences are 
great ly in tens i f ied during states of deep breathing. The errors of 
typ ica l c l i n i c a l measurement of blood pressure can be summarized by 
saying that in normal persons a mean error of plus or minus 8 mm Hg may 
be expected in indiv idual readings of sys to l i c and d i a s t o l i c pressures (15). 
Another l ine of physiological tests uses the e l e c t r i c a l resistance 
of the skin (16). This resistance as measured by ordinary physical 
methods, shows v a r i a t i o n with the a c t i v i t y of the subject. There is now 
evidence that as the subject becomes more ac t ive muscularly, as he 
becomes involved In an emotion, or as he engages i n mental work, the 
e l e c t r i c a l skin resistance is reduced. Consequently, skin resistance 
is possibly an index of e f for t and fat igue. I t has long been known 
that the e l e c t r i c a l resistance of the skin f a l l s a f ter sudden s t imu l i . 
These f luctuations are now generally regarded as a function of sweat 
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gland a c t i v i t y which is control led by the sympathetic nervous system, a 
portion of the nervous system which has to do with the control of c i r ­
culat ion . 
The l e v e l of skin resistance is now often regarded as dependent 
upon the general l eve l of exci tat ion of the muscles of the body. I t is 
therefore hoped that i t w i l l provide an index of the to ta l muscular 
a c t i v i t y of the body. There is s t i l l much fundamental research to be 
done in determining exactly what i t measures, how much influence 
r e l a t i v e l y unimportant factors may have upon the l e v e l of resistance, 
and how accurate i t I s as a measure of the amount of e f for t being 
expended as w e l l as a re f l ec t ion of the r e l a t i v e changes of e f fo r t . 
I t is known that the human body performs best when i t can main­
ta in i t s temperature at about 98.6°F. Muscular work produces heat and 
the more work done the more heat which has to be dissipated to maintain 
normal body temperature. 
As the temperature of the work environment approaches, or exceeds, 
that of the body, the main method by which the body can dissipate heat 
is by evaporative cooling; i . e . , sweating. During sweating, the amount 
of blood reaching the surface of the body is great ly increased to 
f a c i l i t a t e loss of heat. A.s a consequence, for the same amount of work 
the heart rate becomes progressively faster as the body temperature 
increases (17) (18). I n a study conducted by the DuPont Company (19): 
. , , t h e reactions of a group of several hundred workers were followed 
at in te rva ls from March to J u l y . During that period the tempera­
ture in the plant shi f ted from an average of 78°F to 100°F. The 
average pulse rate a f ter work increased from 92 beats per minute 
in March to 116 beats per minute in J u l y . 
The amount of heat that can be dissipated by evaporation depends 
not only on the a i r temperature but also upon the a i r movement and the 
humidity. I t is generally agreed that below 80°F the humidity of the 
a i r has l i t t l e e f fect in producing physiological s t ress; but, as a i r 
temperature increases above 80°F, humidity becomes an important fac­
tor (20). When evaporative cooling decreases, thus reducing the e f f i c ­
iency of the body for d issipat ing heat, strenuous work cannot be main­
tained for long periods of time. Fatigue and exhaustion are reached 
rapidly with high heart ra tes , high body temperatures, and very slow 
recovery processes af ter work. 
In laboratory studies of human energy expenditure the time of 
day at which task performance occurs has been found highly s ign i f icant 
with respect to heart rate following work (21). This agrees closely 
with studies of subject ive fatigue in actual work si tuat ions (22). I f , 
in physiological studies, the time of day of task performance cannot be 
s t r i c t l y control led i t is perhaps best, as was done in this i n v e s t i ­
gation, to thoroughly randomize the performance times so that the error 
introduced by this var iab le w i l l be evenly d is t r ibuted. 
The age of subjects appears to have no s ign i f icant bearing on 
physiological studies i f the range of ages of subjects is confined to 
l imits of 17 to 30 (23). Above this range a pace set for younger men 
is maintained by older men only with an e f for t which would seem l i k e l y 
in course of time to cause s t r a i n . 
Brouha (24) points out that i t is possible for some individuals 
to perform hard muscular work with less accelerat ion in heart rate than 
is attained by others who f u l f i l l a more minimal task and that i t is 
possible for one man to f in ish a f i v e minute run with a heart rate no 
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greater than that shown by another who walks for the same length of time, 
This finding v i v i d l y i l l u s t r a t e s the marked var ia t ions in e f f ic iency 
in muscular work to be observed among "normal" young men. Brouha 1s 
experiments show that while a complete and care fu l medical examination 
distinguishes the "healthy" from the " i l l " , physiological measurements 
are indispensable for the further and more accurate d is t r ibut ion of 
normal individuals according to a scale of physiological values based 
on charac ter is t ic functional capac i t ies . These experiments indicate 
also that physiological differences which already exist during rest 
among normal individuals are enhanced when the organism is put to work 
and approaches i t s maximum capacity. 
There i s no doubt that higher standards of l i v i n g , soc ia l 
secur i ty , shorter working hours, greater safety , better hygiene and 
medical care have Improved the l i f e of the modern worker, Never the 
less (25)j 
Management, unaware of the importance of human physiology and 
interested only in the fact that a worker i s gopd, mediocre or bad 
as far as productivi ty is concerned, does not rea l i ze that i t would 
lead to major indust r ia l and soc ia l progress to know the physio­
log ica l reactions of the indiv idual on the job. 
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CHAPTER I I I 
INSTRUMENTATION AND EQUIPMENT 
The major pieces of equipment used for data co l lec t ion in this 
research were: 
1 . A Sanborn ser ies 150 M medical recording system. 
2. A Waters C-225 cardiotachometer. 
3. A Waters HS-10 heart sound ampl i f ier . 
Instrumentation for manual data co l lec t ion included: 
1 . A galvanic skin response meter. 
2. An aneroid sphygmomanometer and a Ford-Bowles stethoscope for 
blood pressure recordings. 
3. A d i rec t reading e l e c t r i c hygrometer for r e l a t i v e humidity 
recordings. 
4. A decimal-minute stop watch for timing task and rest periods. 
Expenditure of the subjects ' energy was provided for by use of a f r i c t i o n -
brake b icyc le ergometer- A functional descript ion of this device and the 
major pieces of recording equipment is presented in the mater ia l below. 
Recording Systern.--Outputs from the cardiotachometer and the heart sound 
ampli f ier were recorded with a Sanborn ser ies 150 M medical recording 
system (Figure 1-A). This system is composed of a four-channel recording 
uni t , four indiv idual dr iver amplif iers and two electrocardiograph pre­
ampli f iers . 
The recording unit consists of a bank of D'Arsonval galvanometers 
used to record a number of var iables simultaneously. Each galvanometer 
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movement drives a wr i t ing arm which def lects a hot-wire ribbon sty lus 
across the heat -sensi t ive paper tape while the paper is moving across 
a knife-edge wr i t ing platen. The f i n a l recording is permanent, instan­
taneous and in true rectangular coordinates. Controls on the face of the 
recording unit permit a wide range of tape speeds and an automatic 
timing s igna l . 
The ECG preamplif ier is used for recording electrocardiograms and 
other physiological phenomena. In this research i t was used to amplify 
the heart rate s ignal to the recorder. F a c i l i t y features of the pre­
ampli f ier are: input sockets for connecting external equipment; a 
s e n s i t i v i t y control for adjusting pulse def lect ions; a centering control 
for adjusting the trace base l i n e ; and an attenuator for introducing 
attenuation ra t ios of 50, 20, 10, 5, 2 or one into the input s igna l . 
Controls on the face of the dr iver ampli f ier units adjust the 
power Input to the preamplif iers and the stylus temperatures of the 
recording galvanometers. 
Cardiotachometer.--The Waters C-225 cardiotachometer (Figure 1-B) is 
designed to measure and indicate heart rate of animals and humans. The 
cardiotachometer i s act ivated by the cardiac potent ia l . Heart rates 
measured from 40 to 360 beats per minute are indicated on a meter. The 
meter is divided into two scales to provide easy reading. Each heart 
beat is also indicated by the f lash of a neon l i g h t , Outputs are pro­
vided to record both the instantaneous heart rate and the e lec t ro ­
cardiogram, 
The instrument consists of an ampli f ier with a 60-cycle re jec t ion 
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Figure 1 . Recording Equipment: (A) Medical 
Recording System, (B) Cardiotach­
ometer, (C) Heart Sound Ampl i f ier , 
(D) Galvanic Skin Response Meter. 
f i l t e r , a timing c i r c u i t , a meter and a ca l ib ra t ing device. Input to 
the ampli f ier is attained through three electrodes attached to the 
subject, two on the chest and a neutral electrode on the l e f t leg. 
The four and one-half inch meter has two l inear sca les , one 
cal ibrated from 40 to 120 beats per minute and the other ca l ibrated from 
120 to 360 beats per minute. Every a r t i f a c t can be indicated with an 
instantaneous signal or an external damping c i r c u i t provides for moderate 
or heavy damping of the s igna l . 
The timing c i r c u i t measures the in te rva l between beats and holds 
this value on the meter u n t i l the next beat. This unique method mini­
mizes error due to a r t i f a c t s , a common problem with integrat ing and 
averaging c i r c u i t s . A synchronous motor provides ca l ib ra t ing pulses of 
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40, 120, and 360 beats per minute. 
Heart Sound Ampl i f ier . - -The Waters HS-10 heart sound amplif ier 
(Figure 1-C) i s designed to amplify heart sound signals from a Waters 
HSM-1 heart sound microphone. The instrument consists of a three stage 
t ransistor ampl i f ier , a high frequency f i l t e r , a hal f wave r e c t i f i e r , a 
f u l l wave r e c t i f i e r and an integrat ing or summing c i r c u i t . In this 
research the sound amplif ier was used only as a monitor on the perfor­
mance of the cardiotachometer. 
Galvanic Skin Response Meter . - -This apparatus (Figure 1-D), used to 
record skin conductance, is essent ia l ly a microammeter cal ibrated to 
read d i r e c t l y in units of conductance. By means of electrodes placed 
in the palms of the subject 's hands the meter reads the current passing 
through the body between the two hands. The c i r c u i t (26) is designed so 
that the measured current is- exactly equal to conductance. 
Fr ic t ion-Brake B i c y c l e Ergometer.--The task device used in this research 
(Figure 2) was a b icyc le ergometer (27) provided with a cal ibrated spring 
brake for varying the work load. An added feature of this ergometer 
was an e l e c t r i c a l l y driven tachometer by which the subject could regu­
la te his speed. S t ructura l features of the device include adjustments 
for seat height, length of reach to the hand gr ips , and radius of 





In an attempt to determine i f some var iab le , characterized by 
the performance of the heart , could be s i g n i f i c a n t l y associated with 
energy expended by a human subject i t was f i r s t necessary to find 
subjects w i l l i n g to cooperate in supplying the data. I t was also 
necessary to design a standard task, to select and quantify var iables 
pertinent to the research, and to devise an experimental design which 
would f a c i l i t a t e co l lec t ion and analysis of useful data. 
Subject S e l e c t i o n . - - F i v e male college students were selected at random 
from a s t r a t i f i e d population (a f ra tern i ty group of s ixty students) to 
perform standard tasks on the b icyc le ergometer. These subjects were 
selected on a basis of wi l l ingness of the ent i re f ra te rn i ty group to par­
t i c i p a t e . No indiv idual motivation was introduced by the author. As a 
further qua l i f i ca t ion the subjects had a l l previously passed the Georgia 
Tech physical f i tness tests and had part ic ipated in the physical 
education program required of a l l students at Georgia Tech. 
Tasks.--Two standard tasks were selected for the subjects. The order of 
task performance for each subject was randomized for each rep l ica t ion of 
the experiment. Each task u t i l i z e d a constant brake load and the subject 
was required to maintain by v i s u a l observation a tachometer reading of 
either 18 revolutions per minute (slow speed) or a reading of 36 revolu­
tions per minute (high speed). E f f e c t i v e energy outputs at these speeds 
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were calculated to be 219 foot-pounds per minute (0.064 horsepower) and 
4238 foot-pounds per minute (0.128 horsepower) respectively. At each 
speed the subject was required to perform five three-minute cycles of 
work interspersed by six three-minute rest periods for a total elapsed 
time of 33 minutes. A contiuous trace of the subject's heart rate was 
recorded throughout the entire 33 minutes. Blood pressure and galvanic 
skin response were recorded three minutes prior to the first work cycle 
and immediately folowing all work cycles. This recording procedure 
(Figure 4) yielded a reference reading and five progressive work readings 
for each dependent variable. After the subject had completed the two 
tasks, the experiment was replicated with the order of task performance 
again randomized. Task performances were scheduled with the restriction 
that no subject would perform more than one task within the same 24-hour 
period. Figure 5 ilustrates the relation between the four main efects 
of speed, time, replication and subjects. 
wl 'rl "w2 "r2 "w3 'r3 ~w4 'r4 "w5 "r5 
HR BP GSR 
33 min. 
6 min. 1 
1 h*— 
Figure 4. Recording Schedule; Recording Periods for the Indicated Dependent Variables Are Defined by the Crosshatched Areas. 
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Figure 5. Experimental Design. 
Concomitant Var iables. - -Al though the concomitant var iables were, as a 
ru le , beyond control they were observed and recorded for possible 
future ana lys is . The environmental concomitants recorded were room 
temperature, r e l a t i v e humidity and time of day of task performance. 
Subject concomitants recorded were age, height, weight, weight to 
height r a t i o and r e l a t i v e physical f i tness . The experiments were con­
ducted during the month of May, 1960, with unseasonally high tempera­
tures occurring during the afternoon recording periods. Dry-bulb 
room temperature was recorded at the beginning and end of each task 
performance and ranged from a high of 93.0 to a low of 74.0 degrees 
Fahrenheit. Re la t ive humidity, recorded concurrently wi th temperature, 
ranged from 70.0 to 42.0 per cent. Task periods were scheduled between 
eight A„M 0 and s ix P„M<, An attempt was made to randomize time of day 
of task performance but this was of course influenced by the subjects ' 
c lass schedules. The subjects ' ages ranged from 17 to 20 years. 
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Height of subjects ranged from 71 to 76 inches while weight of subjects 
ranged from 145 to 180 pounds resul t ing in a range of weight-to-height 
rat ios from 2.02 to 2.47 pounds per inch. A two-level s t r a t i f i c a t i o n 
of physical f i tness appeared to exist among the subjects. These 
levels were subject ive ly c l a s s i f i e d as "0" for "average" f i tness and 
" 1 " for "above average" f i tness , A summary of the subject concomitants 
appears in Table 1 , 
Table 1 . Subject Concomitant Data. 
Subject Age Height Weight Wgt/Hgt Fitness 
° i 
20 71" 145 # 2.02 # / i n . 0 
° 2 
18 73" 180 # 2.47 # / i n . 1 
° 3 
17 74" 155 # 2.09 # / i n . 1 
°4 
19 72" 175 # 2.43 # / i n . 1 
° 5 
20 76" 170 # 2.24 # / i n . 0 
Laboratory Environment.--The experimentation was conducted i n a second 
f loor room of the Georgia Tech School of Indust r ia l Engineering 
bui lding, formerly a classroom, approximately 20 feet wide by 30 feet 
In length, The c e i l i n g and upper portion of the wal ls were painted 
pale green with the lower four feet of the wal ls being a somewhat darker 
shade of green, Vent i la t ion was provided for by a door transom, four 
window transoms, and two double casement windows which were kept open 
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at a l l times. The one double door was kept closed while a task per­
formance was in progress although subjects not under observation 
were permitted to enter or leave at their convenience. The noise 
leve l was approximately that of a normal class room since classes 
were being conducted in the remainder of the bui ld ing. Lighting was 
provided for by fluorescent f ixtures and by indi rect sunl ight. 
Procedure.--An explanation of the procedure employed during any one 
task performance w i l l suf f ice since a l l such performances were con­
ducted in an ident ica l manner. 
Pr ior to the experimentation a l l subjects were ca l led into the 
laboratory for or ientat ion. They were instructed on the general 
nature of the experiment but not on the spec i f i c measurements, objectives 
or hypothesized r e s u l t s . Each subject was given a prearranged schedule 
of his performance times and instructed to bring gym shorts and hard 
soled shoes to the laboratory. 
According to the preassigned times the subject arr ived at the 
laboratory at the beginning of the hour. Other subjects were per­
mitted to attend and observe in a non-part ic ipat ing capacity i f they so 
desired. Af ter changing clothes the subject was told to rest in a chair 
for a minimum of ten minutes and was questioned as to his a c t i v i t i e s 
of the past 24 hours. He then mounted the b icyc le ergometer while 
the observer and an assistant taped the recording apparatus to his 
body in the manner described below. A blood pressure cuff was taped 
to the subject 's upper l e f t arm so that i t was in posit ion for use 
throughout the task period. Copper electrodes from the GSR meter 
were coated with a standard electrode paste and taped to the subject 's 
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p a l m s . Two s i l v e r e l e c t r o d e s w e r e c o a t e d w i t h p a s t e and mounted u n d e r 
a r u b b e r c h e s t band p l a c e d a r o u n d t h e s u b j e c t ' s c h e s t s o t h a t one 
e l e c t r o d e was p o s i t i o n e d o v e r t h e a p e x o f t h e h e a r t and t h e o t h e r u n d e r 
t h e r i g h t arm. A t h i r d s i l v e r e l e c t r o d e , n e u t r a l , was t a p e d t o t h e 
s u b j e c t ' s l o w e r l e f t l e g . T h e s e t h r e e e l e c t r o d e s w e r e t h e n c o n n e c t e d 
t o t h e c a r d i o t a c h o m e t e r and a few c e n t i m e t e r s o f r e c o r d i n g t a p e w e r e 
run o f f t o c h e c k t h e c l a r i t y o f t h e c a r d i a c s i g n a l . 
When t h e r e c o r d i n g e q u i p m e n t was f u n c t i o n i n g s a t i s f a c t o r i l y , 
t h e s u b j e c t was t o l d w h i c h s p e e d he was e x p e c t e d t o m a i n t a i n on t h e 
e r g o m e t e r . Room t e m p e r a t u r e , r e l a t i v e h u m i d i t y and b l o o d p r e s s u r e 
r e a d i n g s w e r e t a k e n and t h e o b s e r v e r s p o s i t i o n e d t h e m s e l v e s a t t h e 
c o n t r o l s o f t h e r e c o r d i n g e q u i p m e n t ( F i g u r e 6 ) . The c a r d i o t a c h o m e t e r 
F i g u r e 6 . R e c o r d i n g H e a r t R a t e and G a l v a n i c 
S k i n R e s p o n s e D u r i n g a Task P e r ­
f o r m a n c e . 
Figure 7. Recording Blood 
Pressure at the End 
of a Work Period. 
and the four-channel recorder were calibrated as a unit so that 
reference points of 40, 120, and 240 beats per minute were precisely 
located on the recording tape. After calibration the recorder was 
allowed to run at a continuous tape speed of one millimeter per second 
throughout the remainder of the experiment. The subject was instructed 
to remain quietly in position for three minutes. When this three-minute 
rest period had elapsed the subject was told to begin work. At the end 
of the three-minute work period the subject was told to stop and simul­
taneous readings of galvanic skin response and blood pressure were 
recorded. It was necessary for one of the observers to move to the 
ergometer for manual recording of the blood pressure readings (Figure 7). 
The subject then rested for a third three-minute period at the end of 
which readings were again taken. These rest period readings were 
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r e t a i n e d b u t n o t u t i l i z e d i n t h e f i n a l a n a l y s i s o f t h e e x p e r i m e n t . 
The a b o v e p r o c e d u r e was r e p e a t e d u n t i l t h e s u b j e c t had c o m p l e t e d t h e 
e n t i r e c y c l e o f r e s t and work p e r i o d s ( F i g u r e 4 ) . 
A t t h e c o n c l u s i o n o f t h e t a s k p e r f o r m a n c e r e a d i n g s w e r e a g a i n 
t a k e n o f room t e m p e r a t u r e and r e l a t i v e h u m i d i t y . The r e c o r d i n g 
a p p a r a t u s was removed from t h e s u b j e c t and he was p e r m i t t e d t o l e a v e 
a f t e r b e i n g r e m i n d e d o f h i s n e x t s c h e d u l e d t a s k t i m e . When a s u b j e c t 
had c o m p l e t e d a l l f o u r t a s k s h e was g i v e n a c c e s s t o t h e r e s u l t s o f h i s 
i n d i v i d u a l r e c o r d i n g s . 
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CHAPTER V 
ANALYSIS AND RESULTS 
A s p l i t - p l o t f a c t o r i a l design was used for evaluation of the 
effects of speed, work time, and rep l ica t ion on the dependent var iables 
among the f i v e subjects. As i l l u s t r a t e d in Figure 5 the main plot v a r i ­
ables consist of speed, rep l ica t ion and subjects. The s p l i t - p l o t e f fect 
is introduced by the time d iv is ions . This s p l i t - p l o t d iv is ion adds to 
the evaluation of the time ef fect a degree of precision which could not 
be obtained with a completely crossed time design. 
During the experimentation subjects "0^" and "0^" became exhausted 
and were unable to complete the second rep l ica t ion at "Speed 2" due to 
excessive heat. Synthesis of the missing data would have reduced the 
degrees of freedom to a point which would have been excessively re ­
s t r i c t i v e on the analysis of var iance. Consequently the or ig ina l experi­
mental design was broken down into two separate designs, neither of which 
u t i l i z e d the portion of the second rep l ica t ion containing the missing 
data points. The f i r s t of these designs (Figure 8-a) consisted of f i r s t 
rep l ica t ion data for a l l subjects. This design was designated as 
"Experimental Design 265" for the two speeds, six time periods and f i ve 
subjects. The second design (Figure 8-b) consisted of data from both 
repl icat ions for subjects "C^", "°3"> a n d • This design was desig­
nated as "Experimental Design 2623" for the two speeds, s ix time periods, 
two repl icat ions and three subjects. 
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Figure 8-a. Experimental Design 265. 
Repl icat ion 1 Repl icat ion 2 




















































Figure 8-b. Experimental Design 2623. 
26 
H e a r t r a t e d a t a was o b t a i n e d d i r e c t l y from t h e r e c o r d i n g t a p e s 
( F i g u r e 9) b y c o u n t i n g t h e number o f m i l l i m e t e r s t h e t r a c e was d e ­
f l e c t e d a b o v e t h e b a s e l i n e a t t h e c e s s a t i o n o f w o r k . To o b t a i n h e a r t 
r a t e i n b e a t s p e r m i n u t e t h e s e numbers w e r e m u l t i p l i e d b y t h e 
a p p r o p r i a t e s c a l e f a c t o r , d e p e n d i n g upon w h e t h e r t h e c e s s a t i o n o f work 
o c c u r r e d when t h e c a r d i o t a c h o m e t e r was on l o w s c a l e o r on h i g h s c a l e . 
For p u r p o s e s o f c o m p u t e r a n a l y s i s h e a r t r a t e was d e s i g n a t e d a s v a r i a b l e 
"y^" and c o d e d by r e d u c i n g t h e a c t u a l v a l u e s b y 7 5 . G a l v a n i c s k i n 
r e s p o n s e , d e s i g n a t e d a s v a r i a b l e " y ^ " ' w a s r e c o r d e d m a n u a l l y from 
d i r e c t GSR m e t e r r e a d i n g s t a k e n a t t h e end o f e a c h t h r e e - m i n u t e work 
c y c l e . T h e s e v a l u e s , r e c o r d e d i n m h o s , w e r e m u l t i p l i e d b y t e n and r e ­
d u c e d b y 59 t o form t h e GSR c o d e d d a t a . B l o o d p r e s s u r e o b s e r v a t i o n s 
w e r e r e c o r d e d i n m i l l i m e t e r s o f m e r c u r y b y t h e s t a n d a r d m e t h o d o f 
s y s t o l i c o v e r d i a s t o l i c p r e s s u r e . T h e s e p r e s s u r e r e a d i n g s w e r e a n a l y z e d 
F i g u r e 9 . H e a r t R a t e T r a c e R e c o r d e d D u r i n g Work. 
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in three separate configurations: the di f ference, "y^", between 
sys to l i c and d ias to l i c pressure was coded by reducing the actual 
differences by 22 while the absolute sys to l ic pressure, uy^"> w a s 
reduced by 66 and the absolute d ias to l i c pressure, "y^", was reduced 
by 30. 
Tables 2 and 3 l i s t the sources of var ia t ion for experimental 
designs 265 and 2623 together with their respective sums of squares. 
Tables 4 and 5 l i s t for each dependent var iab le the calculated F r a t i o , 
and the f i ve per cent and one per cent F d is t r ibut ion values for the 
associated degrees of freedom. Results of the analysis of variance 
are discussed below for each source of v a r i a t i o n . 
Repl icat ion. - -Under the conditions of this experiment rep l ica t ion did 
not s i g n i f i c a n t l y a f fect any of the dependent va r iab les . This ind i ­
cates that the error among t r i a l s was apparently we l l control led with 
no s ign i f icant var ia t ion due to learning or conditioning. 
S u b j e c t s . - - I t was expected, as pointed out in the introduction, that 
blood pressure would be s i g n i f i c a n t l y d i f ferent among subjects. Tables 
4 and 5 show however that the only marked var ia t ion in blood pressures 
occurred at the f i v e per cent l eve l of s igni f icance in experimental 
design 265. This supports the subjective s t r a t i f i c a t i o n of the subjects 
according to f i t n e s s . Heart rate showed no s ign i f icant va r ia t ion among 
subjects, and GSR was only s l i g h t l y affected at the f i v e per cent leve l 
in experiment 2623. 
S p e e d . - - I t was expected that speed would be one of the most s ign i f icant 
sources of va r ia t ion for a l l dependent var iables since the mechanical 
work accomplished at the fast speed was nearly double that accomplished 
T a b l e 2 . S p l i t - P l o t S o u r c e s o f V a r i a t i o n ; E x p e r i m e n t a l D e s i g n 2 6 5 . 
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LO* 4 G T 2 i - k / 6 - 5 T 2 i . . / 3 0 - G T 2 . . k / 1 2 + T 2 . . . / 6 0 




LT 5 . S T - M . / 5 - S T f. 7 3 0 - 2 T . i . /10 + T . . 7 6 0 
G T 2 . j k / 2 - £ T 2 . j . / 1 0 - G T 2 . . k / 1 2 + T 2 . . . / 6 0 
* * _ „ „2 „ „2 ,„ „ 2 2 . „ 2 
+ S T 2 . .710 + S T 2 . . k / 1 2 - T 2 . . . / 6 0 
T o t a l 5 9 i f k y 2 i j k " T 2 . . . / 6 0 
m a i n p l o t r e s i d u a l 
s p l i t - p l o t r e s i d u a l 
T a b l e 3 . S p l i t - P l o t S o u r c e s o f V a r i a t i o n ; E x p e r i m e n t a l D e s i g n 2 6 2 3 . 
















(RT + RLT + ROT + ROTL + OTL) 4 0 
g T 2 . . k . / 3 6 - T 2 . . . . / 7 2 
E T2±.../36 - T 2 / 7 2 
£ T 2 . . . 7 2 4 - T 2 / 7 2 
1 
E T 2 ^. .I/12 - E T 2 . . . . / 3 6 - E T 2 . . . 7 2 4 + T 2 . . . . / 7 2 
i i i A 1 
ilx^i'kl/6 T 2 i - - l / 1 2 " I T 2 . . k . / 3 6 + T 2 . . . . / 7 2 
Z T 2 . 7 1 2 - T 2 / 7 2 
J J 
.E T 2 1 - , . . / 6 - E T 2 . . . . / 1 2 - E T ^ . . . ^ + T 2 / 7 2 
E T 2 . i . i / 4 - £ T 2 . i . 7 l 2 - E T 2 . . . i / 2 4 + T 2 . . . . / 7 2 
j l J 1 
.-l/ijkl - ig 1T 2i.kl/6 - E T 2 i j . 7 6 - T 2 . j . 1 / 4 + E T 2 * . 
+ E T 2 . j . 7 1 2 + E T 2 . . . j / 2 4 - T 2 . . 
736 + 
772 
T o t a l 71 
m a i n p l o t r e s i d u a l 
* * s p l i t - p l o t r e s i d u a l 
i j l / i j " ^... .ILL 
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T a b l e 4 . A n a l y s i s o f V a r i a n c e D a t a ; 
E x p e r i m e n t a l D e s i g n 2 6 5 . 
D e p e n d e n t 
V a r i a b l e 
S o u r c e D . F . 
Es t i m a t e d 
F V a l u e 
5% F V a l u e 1% F V a l u e 
RU­ L 1 / 4 6 . 9 5 8 9 7. 71 2 1 . 2 
HR 0 4 / 4 0 . 9 3 4 2 6 . 3 9 1 6 . 0 
HR x** 5 / 2 0 8 0 . 8 1 9 4 2 . 7 1 4 . 1 0 
HR LT** 5 / 2 0 1 7 . 0 5 1 2 2 . 7 1 4 . 1 0 
HR OT 2 0 / 2 0 1 . 8 8 8 9 2 . 1 2 2 . 9 4 
GSR L 1 / 4 1 . 5 8 6 6 7 . 7 1 2 1 . 2 
GSR 0 4 / 4 2 . 0 4 5 0 6 . 3 9 1 6 . 0 
GSR x** 5 / 2 0 2 8 . 4 0 6 8 2 . 7 1 4 . 1 0 
GSR LT 5 / 2 0 1 . 7 5 6 9 2 . 7 1 4 . 1 0 
GSR OT 2 0 / 2 0 0 . 8 8 4 3 2 . 1 2 2 . 9 4 
S - D L** 1 / 4 1 0 6 . 2 7 5 7 7 . 7 1 2 1 . 2 
S - D 0* 4 / 4 1 0 . 3 2 4 1 6 . 3 9 1 6 . 0 
S - D 5 / 2 0 3 2 . 0 8 1 0 2 . 7 1 4 . 1 0 
S - D LT** 5 / 2 0 9 . 1 0 6 3 2 . 7 1 4 . 1 0 
S - D OT 2 0 / 2 0 1 . 0 1 5 5 2 . 1 2 2 . 9 4 
S L** 1 / 4 4 6 . 2 0 2 1 7 . 7 1 2 1 . 2 
CO
 0* 4 / 4 8 . 1 9 0 2 6 . 3 9 1 6 . 0 
S x** 5 / 2 0 1 6 . 0 8 5 0 2 . 7 1 4 . 1 0 
S LT** 5 / 2 0 7 . 0 2 1 3 2 . 7 1 4 . 1 0 
CO
 OT 2 0 / 2 0 1 . 0 8 9 2 2 . 1 2 2 . 9 4 
D L* 1 / 4 1 6 . 6 3 0 2 7 . 7 1 2 1 . 2 
D 0 4 / 4 0 . 7 8 7 8 6 . 3 9 1 6 . 0 
D x** 5 / 2 0 2 9 . 6 3 9 2 2 . 7 1 4 . 1 0 
D LT 5 / 2 0 2 . 4 9 4 5 2 . 7 1 4 . 1 0 
D OT 2 0 / 2 0 0 . 5 9 0 4 2 . 1 2 2 . 9 4 
* s i g n i f i c a n t a t t h e 57o l e v e l 
* * s i g n i f i c a n t a t t h e 170 l e v e l 
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T a b l e 5 . A n a l y s i s o f V a r i a n c e D a t a ; 
E x p e r i m e n t a l D e s i g n . 2 6 2 3 . 
D e p e n d e n t 
V a r i a b l e 
S o u r c e D . F . 
E s t i m a t e d 
F V a l u e 5% F V a l u e 1% F V a l u e 
HR R 1 /5 0 . 0 0 7 0 6 . 6 1 1 6 . 3 
HR L 1 / 2 1 1 . 3 0 6 9 1 8 . 5 9 8 . 5 
HR 0 2 / 5 1 . 5 0 4 3 5 . 7 9 1 3 . 3 
HR LO 2 / 5 1 . 7 0 3 8 5 . 7 9 1 3 . 3 
HR X>V* 5 / 1 0 1 0 6 . 2 4 8 3 3 . 3 3 5 . 6 4 
HR LT** 5 / 4 0 2 6 . 1 2 8 1 2 . 4 5 3 . 5 1 
HR OX** 1 0 / 4 0 3 . 5 1 3 7 2 . 0 8 2 . 8 0 
GSR R 1 / 5 0 . 6 9 0 8 6 . 6 1 1 6 . 3 
GSR L 1 / 2 2 . 8 1 9 9 1 8 . 5 9 8 . 5 
GSR 0* 2 / 5 6 . 2 2 0 2 5 . 7 9 1 3 . 3 
GSR LO 2 / 5 0 . 3 9 3 6 5 . 7 9 1 3 . 3 
GSR x** 5 / 1 0 2 9 . 2 8 9 7 3 . 3 3 5 . 6 4 
GSR LT 5 / 4 0 1 . 2 6 5 4 2 . 4 5 3 . 5 1 
GSR OX* 1 0 / 4 0 2 . 2 8 9 5 2 . 0 8 2 . 8 0 
S - D R 1 /5 0 . 2 5 5 6 6 . 6 1 1 6 . 3 
S - D L** 1 / 2 1 1 9 . 2 6 5 9 1 8 . 5 9 8 . 5 
S - D 0 2 / 5 0 . 6 4 9 6 5 . 7 9 1 3 . 3 
S - D LO 2 / 5 0 . 2 2 1 5 5 . 7 9 1 3 . 3 
S - D x>v* 5 / 1 0 6 5 . 1 7 8 0 3 . 3 3 5 . 6 4 
S - D LT** 5 / 4 0 3 . 6 8 6 3 2 . 4 5 3 . 5 1 
S - D OT 1 0 / 4 0 0 . 3 1 1 1 2 . 0 8 2 . 8 0 
S R 1 / 5 0 . 2 5 3 2 6 . 6 1 1 6 . 3 
S L 1 / 2 1 8 . 2 7 6 5 1 8 . 5 9 8 . 5 
S 0 2 / 5 1 . 9 8 2 4 5 . 7 9 1 3 . 3 
S LO 2 / 5 0 . 8 4 2 9 5 . 7 9 1 3 . 3 
CO 5 / 1 0 2 1 . 3 4 3 8 3 . 3 3 5 . 6 4 
CO
 
LT** 5 / 4 0 6 . 9 8 4 8 2 . 4 5 3 . 5 1 
S OT 1 0 / 4 0 1 . 4 6 0 8 2 . 0 8 2 . 8 0 
D R 1 /5 5 . 2 5 5 2 6 . 6 1 1 6 . 3 
D L 1 / 2 1 7 . 9 2 2 6 1 8 . 5 9 8 . 5 
D 0* 2 / 5 8 . 3 4 9 1 5 . 7 9 1 3 . 3 
D LO 2 / 5 5 . 7 8 2 6 5 . 7 9 1 3 . 3 
D x** 5 / 1 0 2 0 . 3 7 2 8 3 . 3 3 5 . 6 4 
D LT 5 / 4 0 2 . 2 1 4 9 2 . 4 5 3 . 5 1 
D OT 1 0 / 4 0 1 . 1 0 3 2 2 . 0 8 2 . 8 0 
* s i g n i f i c a n t a t t h e 5% l e v e l 
* * s i g n i f i c a n t a t t h e 1% l e v e l 
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at the slow speed. Tables 4 and 5 show, however, that speed had no 
s ign i f icant e f fect on heart rate or on GSR. The author feels this is 
explained by the fact that e i ther speed was su f f i c ien t to bring the 
subject to exhaustion over a short period of time. This unfortunate 
choice of speeds probably approached the upper threshold of subject 
capab i l i ty . 
The blood pressure d i f f e r e n t i a l did show high s ign i f icant 
va r ia t ion due to speed at the one per cent l eve l for both experimental 
designs. These results appear to indicate a higher heart stroke-volume 
was attained even af ter the heart had reached i t s threshold ra te . 
Time Per iod. - -The most s ign i f icant resul t of this research was the 
e f fect of the s ix time periods within each task. The time e f fect was 
found to be s ign i f icant at the one per cent l eve l of confidence for a l l 
dependent var iables in both experimental designs. I t was decided to 
analyze the time effects by polynomial regression (28)(29). F rat ios 
computed by this method of analysis are l i s t e d in Tables 6, 7, 8 and 9. 
After i t had been determined which degree of a polynomial best character­
ized the e f fect of time on a given dependent va r iab le , the regression 
equations were developed (Tables 10 and 11). The time ef fects were 
then plotted for a graphic presentation of their re la t ion to the 
dependent var iables (Figures 10 through 21). Actual data points on 
these graphs are represented by squares and t r iang les . The plotted 
curves represent the polynomial equations derived from the data. I t is 
obvious these curves do not represent the ac tua l , or expected, r e l a t i o n ­
ship between the var iab les . The fa i red - in curves superimposed on the 
graphs represent the apparent actual trend of the data. I t w i l l be 
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T a b l e 6 . P o l y n o m i a l R e g r e s s i o n A n a l y s i s ; 
E x p e r i m e n t a l D e s i g n 2 6 5 . 
E s t i m a t e d F V a l u e s o f T/OT 
D e g r e e HR GSR S - D S D 
ki< -k-k -kit ~3<i< 
L i n e a r 2 6 1 . 6 8 4 0 141 2236 1 1 5 . 8 4 1 7 4 3 . 2 9 2 2 125 8 9 0 3 
Q u a d r a t i c ** 
9 9 . 9 2 2 1 
0 4 6 2 9 ** 
4 0 . 1 6 6 0 
2 8 . 
•k-k 
1509 22 0 2 8 5 
C u b i c 3 5 . 1 0 9 7 " * 0 2168 1 . 9 6 1 7 4 . 8 2 0 3 * 0 0 0 2 0 
Q u a r t i c 6 . 2 7 0 4 * 0 0 2 5 7 0 . 8 7 4 7 2 . 1568 0 0 0 7 2 
Q u i n t i c 0 . 9 8 2 7 0 1052 1 . 5 6 0 9 2 . 0046 0 2 6 7 8 
s i g n i f i c a n t a t t h e 5% l e v e l ; F . 0 5 ; 1 , 2 0 = 4 . 3 5 
s i g n i f i c a n t a t t h e 1% l e v e l ; F _, 1 „ n = 8 . 1 0 
T a b l e 7 . P o l y n o m i a l R e g r e s s i o n A n a l y s i s ; 
E x p e r i m e n t a l D e s i g n 2 6 5 . 
E s t i m a t e d F V a l u e s o f LT/SP Res 
D e g r e e HR GSR S - D S D 
L i n e a r 
"•Jck 
6 0 . 0 2 5 9 6 9 2 0 2 * 
** 
3 5 . 9 6 1 1 
k-k 
2 2 . 4 8 9 9 11 
** 
8 0 8 1 
Q u a d r a t i c 1 7 . 1 0 9 9 0 2 3 5 4 6 . 0 4 6 3 * * 
7 . 3 3 1 7 
0 0 3 5 3 
C u b i c 6 . 2 1 1 0 " 0 7835 3 . 1 3 0 1 5 . 1 5 1 2 * 0 2 3 7 8 
Q u a r t i c 1 . 6 0 9 0 0 7540 0 . 1 4 1 1 0 . 1 0 3 2 0 2 7 1 0 
Q u i n t i c 0 . 3 0 4 0 0 0915 0 . 2 5 3 2 0 . 0 3 0 4 0 1 2 0 4 
k 
s i c ̂ n i f i c a n t a t t h e 51 l e v e l ; F . 0 5 ; l , 2 0 " 4 . 3 5 
** 
s i £ 
^ n i f i c a n t a t t h e 11 l e v e l ; F . 0 1 ; l , 2 0 
8 . 1 0 
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Table 8. Polynomial Regression Analys is; 
Experimental Design 2623. 
Estimated F Values of T/OT Degree HR GSR S - D CO D 














Cubic 49 •K-K 5888 0 0108 
KK
29.3475 4 3401 0 4947 
Quartic 8 2217 0 4690 0.0164 3 9023 0 6899 
Quintic 0 6848 0 25 75 7.2130* 0 7377 0 0080 
* 
s ign i f icant at the 5% l e v e l ; F . = 4.96 
s ign i f icant at the 1% l e v e l ; F Q̂.-̂  - 10-0 
Table 9. Polynomial Regression Analys is; 
Experimental Design 2623. 
Estimated F Values of LT/SP Res Degree HR GSR S - D S D 







Quadratic 11 KK0307 2 0217 2.3055 9 
KK
9005 0 0219 
Cubic 3 8310 0 4355 5.6477* 3 7821 0 0640 
Quartic 0 1843 0 0042 1.3576 0 0587 0 5926 
Quintic 0 2257 0 1730 1.5963 0 8094 0 1230 
s ign i f icant at the 5% l e v e l ; F Q^ M ^ - 4.08 
s ign i f icant at the 1% l e v e l ; F Q-̂.-̂  = 7.31 
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T a b l e 1 0 . R e g r e s s i o n E q u a t i o n s f o r S i g n i f i c a n t S o u r c e s 
o f V a r i a t i o n ; E x p e r i m e n t a l D e s i g n 2 6 5 . 
S o u r c e T T . , . R e g r e s s i o n E q u a t i o n V a r i a b l e ° 
L±T HR Y = 4 5 . 8 6 8 + 5 9 . 0 9 5 t - 1 4 . 3 9 4 t 2 + 1 . 1 3 0 t 3 
L 2 T HR Y = 6 . 0 5 0 + 1 1 1 . 8 9 6 t - 2 7 . 0 3 7 t 2 + 2 . 1 2 7 t 3 
T GSR Y = 2 5 . 9 2 8 + 0 . 9 0 3 t 
L T S - D Y = 3 1 . 0 7 5 + 1 6 . 7 0 9 t - 1 . 9 2 9 t 2 
L 2 T S - D Y = 2 1 . 1 2 2 + 3 7 . 6 4 3 t - 3 . 8 0 7 t 2 
L^T S B . P . Y = 1 1 1 . 7 3 5 + 7 . 7 2 4 t - 0 . 9 5 4 t 2 
L £ T S B . P . Y = 1 0 1 . 6 7 8 + 2 4 . 9 9 2 t - 2 . 7 0 0 t 2 
L^T D B . P . Y = 8 0 . 6 6 0 - 8 . 9 8 5 t + 0 . 9 7 5 t 2 
L 2 T D B . P . Y = 8 0 . 5 5 6 - 1 2 . 6 5 1 t + 1 . 1 0 7 t 2 
;>6 
T a b l e 1 1 . R e g r e s s i o n E q u a t i o n s f o r S i g n i f i c a n t S o u r c e s 
o f V a r i a t i o n ; E x p e r i m e n t a l D e s i g n 2 6 2 3 . 
D e p e n d e n t _ . 
S o u r c e „ . , R e g r e s s i o n E q u a t i o n 
V a r i a b l e 
0 L„T HR Y = 6 6 . 8 2 4 + 4 6 . 5 1 7 t - 1 1 . 5 8 0 t 2 + 0 . 9 2 2 t 3 
0 2 L 2 T HR Y = 3 4 . 3 4 9 + 8 3 . 4 9 1 t - 2 0 . 5 6 7 t 2 + 1 . 6 4 3 t 3 
0 3 L 1 T HR Y = 2 4 . 1 6 9 + 7 4 . 4 6 7 t - 1 8 . 7 0 2 t 2 + 1 . 4 8 2 t 3 
0 3 L 2 T HR Y = 1 9 . 5 0 4 + 9 3 . 5 9 7 t - 2 1 . 9 1 3 t 2 + 1 . 7 0 8 t 3 
0.L. .T HR Y = 2 5 . 6 7 2 + 7 3 . 8 1 1 t - 1 8 . 2 5 4 t 2 + 1 . 4 4 0 t 3 
4- 1 
0 . L o T HR Y = 8 . 6 8 5 + 9 5 . 1 4 3 t - 2 3 . 0 8 2 t 2 + 1 . 8 2 8 t 3 4 2 
T GSR Y = 2 9 . 1 1 6 + 0 . 9 6 7 t 
LjT S - D Y = 1 9 . 2 4 3 + 2 6 . 4 2 0 t - 4 . 7 7 7 t 2 + 0 . 2 6 7 t 3 





L,T S B . P . Y = 1 0 4 . 5 6 7 + 1 0 . 1 6 9 t - 1 . 0 9 5 t 2 
L„T S B . P . Y = 9 1 . 9 6 2 + 2 7 . 4 5 8 t - 3 . 0 3 0 t 2 
L,T D B . P . Y = 7 9 . 3 1 6 - 7 . 9 9 8 t + 0 . 8 8 2 t 2 
L„T D B . P . Y = 7 4 . 8 0 0 - 1 0 . 1 2 6 t + 0 . 9 1 1 t 2 
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noted in some cases that the computed and actual curves were thought to 
coincide. Only GSR was found to be l inear ly affected by time. Corre l ­
ations computed for this l inear ef fect were 0.8305 in experimental 
design 265 and 0.8167 in experimental design 2623. I t w i l l be noted 
in Figures 10 through 21 that GSR is the only var iab le for which the time 
ef fect was summed over both speeds. For the other dependent var iables the 
load-time interact ion was considered s ign i f icant enough to j u s t i f y a 
d is t inc t curve for each speed. In the case of heart rate the operator-
time interact ion was s ign i f icant enough in experiment 2623 to require 
an addit ional set of curves (Figures 11, 12 and 13) for each subject. 
In teract ions. - -The load-operator interact ion produced no s ign i f icant 
var ia t ion in any of the dependent v a r i a b l e s . This would appear to 
indicate no need for a s t r a t i f i c a t i o n of workers by f i tness ; however, 
in view of the absence of a discriminating load e f fect i t is probably 
true that the loads were severe enough to bring a l l the subjects to the 
threshold rate of energy expenditure regardless of their r e l a t i v e con­
d i t ion . 
The operator-time interact ion produced a s ign i f icant va r ia t ion 
in heart rate and GSR for experiment 2623. Since this was considered to 
be a r e l a t i v e l y homogeneous group of subjects, heart ra te , s ign i f icant 
at the one per cent l e v e l , appears to dist inguish between operators 
for small groups of subjects. Lack of operator-time interact ion s i g ­
n i f icance in experiment 265 indicates a l l the dependent var iables may be 
good measures of high energy expenditure even in the case of hetero­
geneous groups i f the subject sample is large enough. 
As was expected, the speed-time interact ion was highly s ign i f icant 
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for heart ra te , blood pressure d i f f e r e n t i a l and sys to l ic blood pressure 
for both experimental designs. The speed-time interact ion i s , in e f fec t , 
a measure of the work accomplished at any given time and is composed of 
the two main factors involved in physiological fat igue. While the load 
alone had no s ign i f icant e f fect on heart ra te , i t s in teract ion with time 
was su f f i c i en t to d i f fe ren t ia te between the ef fects of the two loads 
within the l imitat ions of this experiment. This is c l e a r l y seen in 
Figures 10 through 21. I t should be noted that time and the speed-time 
interact ion were s p l i t - p l o t var iables which could reach s igni f icance 
easier than the main plot speed var iab le due to their smaller residual 
var iance. 
Concomitants.--Although concomitants were not subjected to a formal 
ana lys is , the evidence of their e f fect is indicated in Tables 12 and 13. 
A comparison of the error variances between main plot and s p l i t plot 
var iables shows a large day to day var ia t ion for heart rate and ga l ­
vanic skin response. The smaller ra t ios of main plot error variance 
to s p l i t plot error variance for the blood pressure var iables indicate 
the value of these var iables as measures free from the da i ly va r ia t ion 
in concomitants. 
T a b l e 1 2 . E r r o r Mean S q u a r e s and S t a n d a r d D e v i a t i o n s f o r 
D e p e n d e n t V a r i a b l e s ; E x p e r i m e n t a l D e s i g n 2 6 5 . 
Main P l o t S p l i t P l o t 
V a r i a n c e S t d . D e v . V a r i a n c e S t d . D e v . 
HR 1 4 8 3 . 4 0 0 3 8 . 5 1 5 2 5 . 8 9 0 5 . 0 8 8 
GSR 1 0 0 9 4 9 . 0 4 2 3 1 7 . 7 2 5 4 1 3 2 . 1 5 2 6 4 . 2 8 2 
S - D 1 7 6 . 2 0 8 1 3 . 2 7 5 7 1 . 1 1 8 8 . 4 3 3 
S 1 9 7 . 0 0 4 1 4 . 0 3 5 4 2 . 3 9 9 6 . 5 1 2 
D 1 0 3 . 2 6 7 1 0 . 1 6 2 3 0 . 3 6 7 5 . 5 1 1 
T a b l e 1 3 . E r r o r Mean S q u a r e s and S t a n d a r d D e v i a t i o n s f o r 
D e p e n d e n t V a r i a b l e s ; E x p e r i m e n t a l D e s i g n 2 6 2 3 . 
Main P l o t S p l i t P l o t 
V a r i a n c e S t d . D e v . V a r i a n c e S t d . D e v . 
HR 3 3 6 . 3 1 4 1 8 . 3 3 9 1 0 . 0 9 3 3 . 1 7 7 
GSR 5 3 8 7 6 . 5 8 1 2 3 2 . 1 1 3 2 3 0 0 . 0 6 6 4 7 . 9 5 9 
S - D 5 0 0 . 7 6 7 2 2 . 3 7 8 1 3 1 . 5 9 1 1 1 . 4 7 1 
S 3 9 6 . 2 8 1 1 9 . 9 0 7 3 9 . 7 7 1 6 . 3 0 7 
D 2 2 . 8 5 8 4 . 7 8 1 1 8 . 0 8 1 4 . 2 5 2 
Figure 10. The Ef fec t of Load-Time In ter ­
action on Heart Rate; Experi ­
mental Design 265. 
Figure 11. The E f fec t of Load-Time In ter ­
action on Heart Rate, Operator 
No. 2; Experimental Design 2623. 
4> 
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Figure 12. The Ef fec t of Load-Time In ter ­
action on Heart Rate, Operator 
No. 3; Experimental Design 2623. 
Figure 13. The E f fec t of Load-Time In ter ­
action on Heart Rate, Operator 
No. 4; Experimental Design 2623. 
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Figure 14. The Ef fec t of Time on Galvanic 
Skin Response; Experimental 
Design 265. 
Figure 15. The Ef fec t of Time on Galvanic 
Skin Response; Experimental 
Design 2623. 
N 3 
Figure 16. The Ef fec t of Load-Time Inter ­
action on Sys to l i c -D ias to l i c 
Blood Pressure D i f fe ren t ia l ; 
Experimental Design 265. 
Figure 17. The Ef fec t of Load-Time In ter ­
action on S y s t o l i c - D i a s t o l i c 
Blood Pressure D i f f e r e n t i a l ; 
Experimental Design 2623. 0 0 
Figure 18. The E f fec t of Load-Time Inter­
action on Systo l ic Blood Pressure; 
Experimental Design 265. 
Figure 19. The Ef fec t of Load-Time In ter ­
action on Sys to l i c Blood Pressure; 
Experimental Design 2623. 4 > 
Figure 20. The Ef fec t of Load-Time Interact ion 
on Diasto l ic Blood Pressure; Experi ­
mental Design 265. 
Figure 21. The E f fec t of Load-Time Interact ion 
on Diasto l ic Blood Pressure; Exper i ­
mental Design 2623. 
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CHAPTER V I 
CONCLUSIONS AND RECOMMENDATIONS 
Results of this research indicate that in exhaustive tasks, 
involving heavy physical work for short periods of time, the time the 
load i s attended is the most s ign i f icant contributor to fatigue beyond 
the ef fect of the load i t s e l f . Under the conditions of this experi­
ment, heart r a t e , galvanic skin response and blood pressure d i f f e r e n t i a l 
were a l l seen to increase s i g n i f i c a n t l y as time at the task progressed. 
In indust r ia l jobs requiring severe physical exertion these var iables 
can probably be proven accurate indicators of fat igue. Further research 
to va l ida te resul ts of this experiment should be conducted over longer 
periods of time and under l ighter load conditions which w i l l permit 
c l a r i f i c a t i o n of the effects of the d i f ferent contributing factors of 
fat igue. 
One of the most encouraging, but least expected, resul ts of 
this research was the re la t ion between subjects and blood pressure 
d i f f e r e n t i a l . Only s l ight s ign i f icant var ia t ion was found among subjects 
for the difference between sys to l i c and d i a s t o l i c blood pressures. In 
previous research (30) i t was suspected that this lack of s igni f icance 
could be at tr ibuted to low energy output; however, i t is now seen that 
such Is not the case. This var iab le is apparently worthy of further 
study and should be investigated under more moderate load conditions for 
longer periods of time. Another interest ing observation regarding blood 
pressure d i f f e r e n t i a l was i t s discrimination among loads as the heart 
rate approached a maximum. This could be important as a more d e f i n i t i v e 
measure in c lass i fy ing jobs already thought to be exhaustive. 
The author would l i ke to point out that the var iables investigated 
in this research are not operational at this time. The complexity and 
s e n s i t i v i t y of the equipment used renders the recording process too 
cumbersome for on-the-job invest igat ion. Fami l i a r i t y with the heart 
rate trace and i t s possible a r t i f a c t s is essent ia l to i t s ana lys is . I t 
is f e l t that further research in this area w i l l lead to recording 
techniques, not necessari ly as sensi t ive as those used in this experi­
ment, which w i l l be both d e f i n i t i v e and operat ional . 
Results of this research can hardly be considered as ind icat ive 
of cardiac behavior, or of reactions of the body as a whole, over the 
span of a working day. Long term studies are recommended for their 
possible insight into the ef fects of cumulative fat igue. I t i s also 
considered essent ia l that studies be made of the re la t ion between 
rest periods and cumulative fat igue. 
I t should be noted that this experiment concentrated stress upon 
a par t icu lar muscle grouping. This leaves open to invest igat ion the 
ef fects of exertion involving the ent i re body. Such factors as posture, 
extreme var ia t ion in f i tness and age, e t c . , must a l l be considered in 
order to define the ent i re spectrum of reasonable var ia t ion in human 
energy expenditure. 
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APPEND DC A - 1 
CODED DATA, HEART RATE 
R e p l i c a t i o n 1 
S p e e d 1 S p e e d 2 
h fc2 fc3 fc5 H h h H fc5 
° 1 0 3 2 32 37 37 4 0 2 0 92 97 106 105 1 1 1 
° 2 37 5 1 5 6 56 57 57 18 62 64 67 67 69 
° 3 2 3 1 3 2 32 3 1 3 1 2 1 57 69 74 8 1 88 
° 4 5 4 0 4 3 4 5 4 6 4 6 13 56 62 65 71 71 
° 5 37 62 73 75 77 8 1 10 78 88 94 95 97 
R e p l i c a t i o n 2 
S p e e d 1 S p e e d 2 
fco h fc2 fc3 % c o H C 3 \ S 
° 1 5 4 5 52 4 5 4 8 5 0 10 93 110 X X X X X X 
° 2 17 4 5 45 4 5 4 7 4 8 2 7 62 64 73 73 79 
° 3 9 4 5 5 2 5 1 5 2 5 3 13 64 75 79 8 0 8 3 
° 4 8 4 1 4 4 4 5 4 6 4 7 0 4 3 55 55 57 64 
° 5 5 4 3 4 5 55 55 56 6 71 1 1 2 X X X X X X 
APPENDIX A - I I 
CODED DATA, GSR 
R e p l i c a t i o n 1 
S p e e d 1 S p e e d 2 
fc0 h fc2 fc3 fc4 h fc0 h fc2 C 3 fc4 fc5 
° 1 
165 187 201 221 261 301 291 461 601 701 831 881 
° 2 
202 166 296 331 341 356 0 146 179 226 281 326 
° 3 
301 351 451 511 561 601 361 341 557 633 715 761 
° 4 
191 161 261 296 349 351 231 281 321 361 401 461 
° 5 
106 96 151 211 251 286 121 96 146 191 241 286 
R e p l i c a t i o n 2 
S p e e d 1 S p e e d 2 
C 2 fc5 fco h H fc3 \ H 
° 1 
251 241 291 391 411 541 501 549 741 X X X X X X 
° 2 
136 151 176 226 241 216 146 331 481 531 551 541 
° 3 
256 411 541 611 711 801 231 361 441 501 541 561 
° 4 
151 261 331 316 386 441 251 371 481 541 501 571 
° 5 
91 104 151 196 241 291 91 91 166 X X X X x x 
APPENDIX A - I I I 
CODED DATA, B . P . DIFF. 
R e p l i c a t i o n 1 
S p e e d 1 S p e e d 2 
fcl fc2 h fc4 fc5 fco fcl fc2 C 3 C 4 
° 1 4 8 58 68 72 74 72 38 56 94 114 118 108 
° 2 16 30 38 38 46 3 4 3 0 70 64 92 90 92 
° 3 
26 4 8 4 0 5 3 4 2 28 2 2 68 80 84 86 98 
° 4 
16 2 0 22 26 34 34 3 3 73 72 72 72 74 
° 5 
18 2 3 28 38 2 8 3 1 26 5 8 74 8 0 76 8 0 
R e p l i c a t i o n 2 
S p e e d 1 S p e e d 2 
c o h C 5 c o h C 2 C 3 
° 1 4 0 86 82 66 78 8 2 4 2 112 131 X X X X X X 
° 2 
16 5 0 60 4 8 62 5 0 24 56 68 86 112 92 
° 3 20 4 0 4 0 4 4 4 8 4 8 2 0 56 70 72 6 0 66 
° 4 16 26 32 46 4 0 5 0 16 60 68 72 70 64 
° 5 13 5 4 60 68 70 70 26 68 70 X X X X X X 
APPENDIX A- IV 
CODED DATA, SYSTOLIC B . P . 
Repl icat ion 1 
Speed 1 Speed 2 
fcl fc3 fc4 H fco fc5 
° 1 
62 78 82 84 88 84 70 82 110 110 110 106 
° 2 
44 52 56 56 62 50 54 82 76 98 90 90 
° 3 
64 74 64 74 64 54 46 86 94 88 88 98 
° 4 
44 44 40 40 46 46 54 84 82 88 86 88 
° 5 
44 54 44 54 49 52 52 62 74 74 70 74 
Repl icat ion 2 
Speed 1 Speed 2 
C0 H L2 fc4 C 5 Lo h fc2 fc3 fc5 
° 1 
62 92 92 80 86 98 62 116 122 X X X X xx 
° 2 
40 68 76 66 82 68 40 72 76 86 98 82 
° 3 
50 66 66 66 70 72 42 70 76 76 74 76 
° 4 
40 42 46 58 56 66 42 66 71 74 72 70 
° 5 
44 72 72 74 74 74 62 84 80 X X X X X X 
APPENDIX A-V 
CODED DATA, DIASTOLIC B . P , 
R e p l i c a t i o n 1 
S p e e d 1 S p e e d 2 
C l C 2 C 3 C 5 lo fc2 C 3 fc5 
° 1 
38 34 28 26 28 26 46 40 30 10 6 12 
° 2 
42 36 32 32 30 30 38 26 26 20 14 12 
° 3 
52 40 38 35 36 40 38 32 28 18 16 14 
° 4 
42 38 32 28 26 26 35 25 24 30 28 28 
° 5 
40 35 30 30 35 35 40 18 14 8 8 8 
R e p l i c a t i o n 2 
S p e e d 1 S p e e d 2 
c o h H fc4 lo h fc2 fc3 h 
° 1 
36 20 24 28 32 30 34 18 5 X X X X X X 
° 2 
38 32 30 32 34 32 30 30 22 18 0 4 
° 3 
44 40 40 36 36 38 36 28 20 18 22 24 
°4 
38 30 28 26 30 30 40 20 18 16 16 20 
° 5 
45 32 26 20 18 18 50 30 24 X X X X X X 
APPENDIX B - I 
T 2 . . , / 6 0 Z T 2 i . . / 3 0 
j 
/ 1 0 
HR 1 8 6 9 3 0 . 0 1 6 6 HR 1 9 7 2 5 2 . 8 3 3 3 HR 2 0 6 6 9 1 7000 
GSR 6 7 5 2 2 7 3 . 0 6 6 6 GSR 6 9 1 2 4 3 9 , 7 3 3 3 GSR 7 2 7 1 2 7 4 6 0 0 0 
S-D 1 8 7 9 3 6 . 0 6 6 6 S-D 2 0 6 6 6 2 . 7 3 3 3 S-D 1 9 9 5 2 0 8 0 0 0 
CO
 2 9 9 2 0 2 . 8 1 6 6 3 0 8 3 0 4 . 8 3 3 3 CO 3 0 2 9 1 6 9 0 0 0 
D 4 9 2 4 9 . 3 5 0 0 D 5 0 9 6 6 . 7 0 0 0 D 5 1 9 0 6 5 0 0 0 
Z T 2 . . k / 1 2 
k 
Z T 2 i j . / 5 Z T 2 i . k / 6 
i k 
HR 1 9 2 4 7 1 , 7 4 9 9 HR 2 1 9 2 2 1 , 8 0 0 0 HR 2 0 8 7 2 8 1666 
GSR 7 5 7 8 0 4 6 . 1 6 6 6 GSR 7 4 6 7 7 4 0 . 4 0 0 0 GSR 8 1 4 2 0 0 8 9 9 9 9 
S-D 1 9 5 2 1 2 . 8 3 3 3 S-D 2 2 1 4 8 5 . 6 0 0 0 S-D 2 1 4 6 4 4 . 3 3 3 3 
CO
 3 0 5 6 5 6 . 7 9 9 9 S 3 1 3 5 0 7 . 4 0 0 0 S 3 1 5 5 4 6 . 8 3 3 3 
D 4 9 5 7 4 . 7 4 9 9 
Z T 2 . j k / 2 
D 5 4 0 0 2 . 6 0 0 0 
S T 2 i j k 
i j k 
D 5 1 7 0 5 1666 
HR 2 1 3 2 1 1 . 5 0 0 0 HR 2 3 2 1 9 2 . 0 0 0 0 
GSR 8 1 7 0 1 2 9 . 0 0 0 0 GSR 8 8 5 3 0 3 4 . 0 0 0 0 
S-D 2 0 8 2 4 2 . 0 0 0 0 S-D 2 3 2 3 3 4 . 0 0 0 0 
CO
 3 1 0 2 9 4 . 5 0 0 0 
CO
 3 2 2 5 2 1 . 0 0 0 0 
D 5 2 5 9 0 . 5 0 0 0 D 5 5 7 0 7 . 0 0 0 0 
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E x p e r i m e n t a l D e s i g n 265 
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APPENDIX B - I I 
i 2 in E f 2 ± . . 736 
i x 
E T 2 . , . 
1 J 
712 
HR 175923 .3472 HR 182402.3611 HR 194763 .2499 
GSR 10091278 .1250 GSR 10151078.1250 GSR 10862482 .9166 
S-D 183012 .5000 S-D 196242.7222 S-D 196354 9999 
S 320934 .0138 S 327039.1388 S 327134 0833 
D 60146 .6805 D 62515.6944 D 62178 5833 
E T 2 . 
k K 
./36 E T 2 . . . -j / 24 
1 
E T 2 t 1 . 
i j 1 J 
/6 
HR 175925 .6944 HR 176935.2083 HR 202560. 8333 
GSR 10128497 .1388 GSR 10761522.4583 GSR 10936835. 8333 
S-D 183140.5000 S-D 183663.0833 S-D 212010. 6666 
S 321034 .3611 S 322505.2083 S 334628. 1666 
D 60266 8055 D 60528.3749 D 64747. 8333 
E T 2 . i . 1 / 4 
j l 3 . f T
2 i . k l / 6 i k l i j f / 1 ^ 1 
HR 196129 7500 HR 186244.1666 HR 207161. 0000 
GSR 11585387 7500 GSR 11170338.4999 GSR 12100759. 0000 
S-D 197415 oooo S-D 199746.9999 S-D 221188. 0000 
C
O
 329286 2500 S 331360.1666 S 341121. 0000 
D 62759 7500 D 63396,1666 D 66551. 0000 
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